Abstract -Saint-Augustin Lake is an urban lake in Que´bec, Canada that has been subjected to long periods of direct human impact, mainly due to agricultural and urban activities, with great changes in trophic status and chemistry occurring within the last few decades. In 2009, during an examination of the lake bottom substrate, the presence of the invasive species Cipangopaludina chinensis (Reeve, 1863) was found on floor bottom sediments. The gastropods soft tissues were mineralized and analyzed by ICP-OES. The purpose of this study was to estimate concentrations of heavy metals in C. chinensis, describing the relations of these values with the sediment metal. In gastropod soft tissues the overall common trend in the heavy metal concentrations was revealed in the following order: Fe > Mn > Zn > Cu > As > Ni > Pb > Cd > Cr. Biota-sediment accumulation factors (BSAFs) have shown that C. chinensis cannot be used as a bioindicator of heavy metal pollution and exposure in the Canadian lakes where it is present. In fact, while the sediments of Saint-Augustin Lake are characterized by high metal concentrations, C. chinensis does not have high bioaccumulation factors (BSAFs < 1.0). By literature comparison with other aquatic organisms in polluted ecosystems at different latitudes it was possible to affirm that the concentrations of Fe, Mn and Zn in C. chinensis tissues are considerable if compared with these sites.
Introduction
Freshwater ecosystems are being extremely altered by human activities, resulting in a decline of the native species and subsequent replacement and spread of new invasive species (Holeck et al., 2004; Kim and Kim, 2006) . Gastropods are among those species that can cause extensive changes to the native aquatic communities and the habitats when introduced in new ecosystems. Moreover, many studies have revealed that gastropods could accumulate heavy metals in their soft tissues, metal concentration varying according to the species and their inhabitation environment (Lau et al., 1998; Fang, 2006) .
The heavy metals accumulated in the tissues have a potential to be transferred to organisms at higher trophic levels because gastropods are frequently consumed by other animals including humans and birds as a protein source (Saha et al., 2006) .
Cipangopaludina chinensis (Reeve, 1863) or Chinese mystery snail is a freshwater gastropod native to South East Asia, Japan, China, Korea and e Eastern Russia. It was originally introduced into North America probably via the aquarium trade, water gardening industry or for culinary purposes through the Chinese market. The first well-established population was reported in 1911 by Hannibal on the corridor between San Francisco Bay and San Jose (http://www.issg.org/database). This imported species has invaded freshwater bodies across North America, forming isolated but dense populations in about 27 states of the Unites States and in Canada, originally in Ontario (Rixon et al., 2005) but also recently reported in Que´bec (http://www.invasivestrac kingsystem.ca).
This snail prefers lentic water bodies with silt, sand, and mud substrates (Distler, 2003) with maximum depth of about 0.2-3 m, although it can tolerate conditions in stagnant waters near septic tanks (Perron and Probert, 1973) . C. chinensis is a filter feeder, detritivore and necrophore that feed non-selectively on organic and inorganic matter on lake bottom substrate as well as benthic and epiphytic algae and bacteria (Dillon, 2000) . C. chinensis bioturbation activities can re-suspend sediments that become a source for phosphorus in the water column (Orvain et al., 2003) which in turn can lead to algal blooms. Re-suspended sediments and algal blooms result in higher turbidity (Orvain et al., 2003) The bioturbation activity can further impact mineralization of organic matter and accelerate nutrient cycling in eutrophic systems (Risgaard-Petersen, 2003; Biswasa et al., 2009) .
Finally, C. chinensis can partially bury itself in the mud where the water is still. For all these reasons their relations with sediments are very close.
Since lake sediment plays an important role in freshwater ecosystems as it is both an important source of various dissolved substances and a storage for particulate materials (Boyd, 1995; Gardner et al., 2001 ) and because of the closed relations of C. chinensis with sediment and, probably its contaminants, it is of great interest to study the potential for accumulation of metals in tissues of C. chinensis. Specifically, the aim and objectives of this study were to estimate concentrations of heavy metals in C. chinensis, describing the possible relations of these values with the sediment metal and to evaluate the possibility to use gastropods as a bio-indicator of heavy metal exposure reflecting the level of heavy metals in the sediments.
Methodology
Study area Table 1 and Figure 1 show the location and morphometric characteristics of Saint-Augustin Lake (N 46x45'05'', W 71x23'39''), respectively. The lake is located near Que´bec City (Que´bec, Canada) and was subjected for years to high anthropic pressures due to agricultural and urban activities (Galvez-Cloutier et al., 2003) , with a documented sediment contamination in heavy metals (Brin, 2007) . The Lake Saint-Augustin is characterized by muddy-sand sediments with an important content of organic matter. About 40.6% of sediments are composed of silt and 44.7% of fine sand, while the organic matter content represents about 11.2%. This is representative for the whole basin lake (Brin, 2007) . They can be regarded as a specific potential source of pollutants being able to migrate toward the water column. High concentrations of heavy metals contained in the sediments mainly from industrial and urban inputs (Blais and Kalff, 1993; Boyle, 2001) were found reflecting the growing industrialization of the Que´bec City region (Pienitz et al., 2006) . Previous studies on heavy metals speciation have shown that their overall availability is low. In fact, the presence of organic matter, in aerobic conditions, plays a role of reservoir that accumulates heavy metals in sediments in stable form. However, in an anoxic environment these bonds are weaker. Furthermore, a great impact on the ecosystem is due to the salt contributions (NaCl) from the highway network Fe´lix Leclerc, located at the north of the lake and characterized by high traffic activity (Morteau et al., 2009) .
During 2009, a preliminary examination of the lake bottom substrate, before the installation of a research platform of Department of Civil Engineering of Laval University of Que´bec, has revealed the presence of the invasive species C. chinensis on Saint-Augustin Lake's floor bottom sediments (Fig. 2) . This species is ovoviviparous; females live up to 5 years, while males live up to 3, occasionally 4 years (Jokinen, 1982 (Jokinen, , 1992 . Fecundity is usually more than 169 young in a lifetime, and may reach up to 102 for any given brood (Jokinen, 1982) . All females generally contain embryos from May to August and young are born from June to October in eastern North America in shallow water, then, in the fall, females begin migrating to deeper water for the winter (Stanczykowska et al., 1971; Jokinen, 1982 Jokinen, , 1992 .
Snail samples were collected in clean plastic bags from three points along the lake during the summer of 2011 (Fig. 3) . In sampling site 1 (SS1), in the north-west, the samples collected were all dead. In this area, the sediments were very rich in mud; in sampling site 2 (SS2), in the mid-west, corresponding to harder sediments, 95% of snails were alive, and at the last sampling site 3 (SS3) in the south, the percentage of living vs. dead snails was about 50%.
Chemical analysis
Water samples were analyzed for the main chemical variables in the chemical laboratory at the CNR Institute of Ecosystem Study (Italy); pH, conductivity, alkalinity by acidimetric titration (Gran's method), main anions (sulfate, nitrate and chloride), and cations (calcium, magnesium, sodium, and potassium) by ion chromatography; ammonium, reactive silica, and reactive and total phosphorus by spectrophotometry (indophenol-blue and ammonium molybdate with ascorbic acid, respectively). Details on the analytical methods used can be found in Tartari and Mosello (1997) .
Significantly there was sodium chloride contamination in water (Na + , 2913 meq L x1 and Cl
). Trace metals in water and in mineralized tissues of snails were measured by ICP-OES (inductively coupled plasma-optical emission spectrometer). The concentration of dissolved trace metals in freshwater was usually low. The solubility of metals in surface water is predominately controlled by water pH (8.26 in Saint-Augustin Lake), the type and concentration of ligands on which the metal could adsorb, and the oxidation state of the mineral components and the redox environment of the system (Connell and Miller, 1984) . Arsenic, cadmium, platinum, and thallium were below the detection limits of the method used. A group of metals that includes: aluminum, cobalt, chromium, copper, manganese, nickel, lead, and zinc too, presented very low concentrations (between 0.3 and 7.2 mg L x1 ). In contrast, values of boron, iron, lithium, and vanadium (between 10.8 and 33.7 mg L x1 ) and especially barium and strontium, mainly in relation to the lithological characteristics of the catchment area were higher (105 and 599 mg L x1 , respectively).
Digestion sample processing and dosage of heavy metals
Sample tissues for analysis were prepared at the CEAEQ laboratory following the MA 207-Me´t 2.0 method developed by CEAEQ (Dassylva et al., 2009; Roberge, 2011) . Wet snail tissues were dehydrated before digestion, using a lyophilizer (Freezone 4.5; Labconco, Kansas City, Missouri, USA); 0.5 g of tissue samples were placed into 20 mL glass vials and the sample vials were placed together into lyophilization vessels. The samples were dried for a night at the minimum temperature of x50 xC. After lyophilization the weight loss was y 36% of total mass. Dry samples were digested using a MarsXpress microwave digester (CEM, Mattews, USA). A 25 mL PFA Teflon close vessel (CEM) was used and 0.1 g of the sample Fig. 3 . Location of the sampling sites for snails in Saint-Augustin Lake (SS1, SS2, and SS3). In the figure are also shown the sampling sites for sediments (Brin, 2007) .
T. Ombretta et al.: Ann. Limnol. -Int. J. Lim. 49 (2013) 21-29 24 was transferred into the vessel. 1 mL of concentrated HCl and 3 mL of concentrated HNO 3 were added to the sample. Then, the samples were placed in the microwave digester. Table 2 shows the microwave parameters.
After the digestion, the samples were transferred and filled to 50 mL with deionized water (18 MV; Millipore, USA) into a 50 mL polypropylene decontaminated tube (Digitubes, SCP Sciences, Baie D'Urfe´, QC, Canada) mass fractions (ada).
Trace metals in mineralized tissues of snails were measured by ICP-OES according to US EPA Method 3020A (1992) . Tables 3 and 4 show those elements for which certified values have been established for DORM-3 (Fish protein) and TORT-2 (Lobster hepatopancreas) standard biological reference materials. Certified values and their uncertainties are reported as mass fractions (based on dry mass). These reference materials, result from data generated at the National Research Council of Canada, and they are primarily intended for use in the calibration of procedures and the development of methods, as well as for determination of trace metals in biological materials.
Results and discussion
Morphometry, abundance/biomass and distribution C. chinensis is a large globose freshwater snail that may reach a shell length of up to 70 mm (Solomon et al., 2010) . In the Saint-Augustin Lake, it exhibits a robust morphology with a width to height ratio of 0.85:0.90, a mean shell length of 23.5 mm (measured from the apex to the basal inflection of the aperture with an electronic digital caliper as shown in Figure 4 ) and a mean weight of 2.5 g. Fresh tissue was about 46% of total weight of snail. Total C. chinensis biomass (shell and soft tissue) was expressed in milligrams of fresh weight per square meter (mg m x2 ), while the abundance as the number of individuals per square meter. In the Saint-Augustin Lake, the presence of snails on the bottom is uniform and it is possible to affirm that the abundance values were about 650-700 individuals per square meter, while the biomass values, except for SS1, where all individuals found were dead, were between 1625 and 1750 mg m x2 . The t-test (Table 5 ) performed on the morphometric parameters measured (width and height) and sediment granulometry (Brin, 2007) at the three sampling sites showed significantly high values for SS1 that is with grain size about 556 mm) and coarse sand (17% with grain size > 600 mm) in which live snails were sampled, showed non-significant results. This could be due to the lower affinity of C. chinensis in this type of ecosystem with soft clayey ground.
Evaluation of heavy metal bioaccumulation in C. chinensis
All aquatic organisms can concentrate heavy metals from their surrounding water, sediments or food and they are able to regulate the concentrations of metals in their tissues, to be stored in non-available forms and hence regulate toxic effects by controlling absorption, excretion, and depuration rates or by detoxification either by changing the metal to a less toxic form or by storage at sites in the body where the metal does not have an adverse effect (Hugget et al., 1973) . The mean heavy metals concentration for sediments in the lake and mean heavy metals concentration for snails into two different sampling sites are shown in Table 6 .
Metals are present in the lake sediment at concentrations at which the probability to detect adverse biological effects is relatively high. Indeed, concentrations are between the occasional effect level (OEL) and the frequent effect level (FEL) determined by Environment Canada and the Environmental Ministry of Quebec (Environment Canada and MDDEP, 2007) for the management of sediments that have to be dredged: Cd (OEL = 1.7 mg kg x1 and FEL = 12 mg kg x1 ), Pb (OEL = 52 mg kg x1 and FEL = 150 mg kg x1 ), and Zn (OEL = 170 mg kg x1 and FEL = 770 mg kg x1 ).
The level of some metals found in snails seems to vary depending on the sampling sites. Snails collected in SS2 have significantly higher amount of aluminum (96.9 vs. 46.5 mg kg x1 ), iron (336.9 vs. 111.6 mg kg x1 ), and manganese (101.9 vs. 35.7 mg kg x1 ) when compared with those obtained from SS3 (Table 5 ). This demonstrates that there is influence of habitat on the level of some metals in the organisms.
Biota-sediment accumulation factors (BSAFs) are appropriate for describing bioaccumulation of sediment contaminants in aquatic food webs with non-equilibrium conditions, between the sediment and organism, and sediment and its overlying water (Thomann et al., 1992; Burkhard, 2009) . Equilibrium is regarded as a reference condition for describing degrees of disequilibrium, and thus, is not a requirement for measurement, prediction, or application of BSAFs. ) and standard deviation in the sample sediments (n = 42) in Saint-Augustin Lake for arsenic, cadmium, chrome, copper, nickel, lead and zinc (Brin, 2007) . Mean heavy metals concentrations (mg kg x1 ) in surficial sediments in Saint-Augustin Lake for iron and manganese (Pienitz et al., 2006) . Mean heavy metals concentrations (mg kg x1 ) in the sample snails (C. chinensis) into two sampling sites in Saint-Augustin Lake. SS2: sampling site 2; SS3: sampling site 3. The comparison between metal content in sediments and in snails, expressed as percentage, shows great differences for all metals as presented in Figure 5 . Results indicate that metals are weakly accumulated in soft tissues of C. chinensis. BSAFs (Table 7 ) are all less than 1.0 and for several metals well below 1.0 (Cr, Fe, Ni, and Pb). The processes of excretion and detoxification seem to be effective in these organisms. However, hazard and potential for chronic effects cannot be evaluated by magnitude of BSAFs (DeForest et al., 2007) , even if the factors are < 1.0, which indicates that bioaccumulation is not the typical case (Adams, 2011) .
where C org is the heavy metal concentration in organic tissues and C sed is the heavy metal concentration in sediment.
Comparison of heavy metal concentrations in different organisms
Median values of the main metals in C. chinensis are shown in Table 8 , compared with other aquatic organism surveys performed in other countries (by literature). All organisms considered for the comparison are filter feeders, but while Angulyagra oxytropis (Benson, 1836) and Lanistes lybicus (Morelet, 1848) are gastropods, as C. chinensis; Corbicula fluminea (O. F. Mu¨ller, 1774), Elliptio hopetonensis (I. Lea, 1838), and Unio pictorum mancus (Lamarck, 1819) are bivalves. The ecosystems selected for this comparison with the Saint-Augustin Lake are under high to moderate anthropic pressure (extensive agriculture, industry or urbanized areas), with a significantly higher contamination of heavy metals in sediment samples.
All organisms revealed significantly greater concentrations of Fe, Mn, and Zn, (respectively, in a range of 81-1750 mg kg x1 for iron, 69-4396 mg kg x1 for manganese, and 57-175 mg kg x1 for zinc). The capacity of filter feeders, in particular of mussels to concentrate manganese has been known for about a century (Bradley, 1907a (Bradley, , 1907b . In fact the highest concentrations were measured in E. Hopetonensis (Shoultz-Wilson et al., 2010) and in Unio pictorum mancus (Ravera et al., 2003) . Iron is another essential metal, generally abundant in any environment, and has several properties similar to those of manganese.
In any case some heavy metal concentrations found in C. chinensis tissues (Fe, Mn, and Zn) are considerable if compared with other polluted ecosystems at different latitude. These concentrations may cause adverse effects on these organisms. Moreover, the risks for predators of C. chinensis (fish, turtle) should be evaluated.
Conclusions
The present study has provided evidence that hazard and potential for chronic effects cannot be evaluated by the magnitude of BSAFs. In fact while in the sediments of the Saint-Augustin Lake there are high metal concentrations there is no direct correlation with BSAFs in C. chinensis.
While the sediments of the Saint-Augustin Lake are characterized by high metal concentrations, C. chinensis does not have high bioaccumulation factors. Metals were perhaps not bioavailable but above this the results seem to indicate the ability of C. chinensis to detoxify or sequester some metals. In this case, C. chinensis cannot be used as a bioindicator of heavy metal pollution and exposure in the Canadian lakes where it is present. Ravera et al. (2003) .
T. Ombretta et al.: Ann. Limnol. -Int. J. Lim. 49 (2013) [21] [22] [23] [24] [25] [26] [27] [28] [29] Based on the available information in this screening study on C. chinensis in the Saint-Augustin Lake, it is important to emphasize the invasion of the alloctone species C. chinensis in Que´bec. As regards the impact of snails on human health, it must be considered that eutrophication can increase the growth of snail populations, as in the case of the Saint-Augustin Lake (TP, 18 mgL x1 during sampling campaign), and can increase also the possibility of transmission of some aquatic parasites that can cause human cercarial dermatitis, also known as "Swimmers itch" (Leighton et al., 2000) . Monitoring the trends in the invasive species is an important consideration as they can alter ecosystem structure and function.
